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ABSTRACT 
We continued surveys of permanent and random subtidal stations, 
completing surveys of 13 permanent stations and 28 random sta- 
tions during the year. Red abalone numbers continued to decline 
in Diablo Cove and Control Areas. Giant red sea urchins declined at 
permanent stations. The bull kelp canopy increased noticeably 
i n  ~iabld Cove. 
Most of our time was spent'surveying intertidal stations and 
processing algae samples. Both red and black abalone shewed 
a decrease in numbers in Diablo Cove as well as the Control 
Area. 
Sea otters moved north of Diablo Cove to the Pt. Buchon area 
in the fall of 1974. In the spring of 1975 the rafts moved 
south again to the vicinity of Pecho Rock. 
The commercial sea urchin fishery was inactive during most of 
the year, while the commercial abalone fishery operated at a 
very low level. 
Several miscellaneous studies were continued or initiated during 
the period. 
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INTRODUCTLON 
During t h e  pe r iod  J u l y  1, 1974 through June 30, 1975, we cont inued o u r  
s t u d i e s  of t h e  i n t e r t i d a l  and s u b t i d a l  communities i n  and around Diablo Cove. 
Seve ra l  phenomena occurred  dur ing  t h e  yea r  t h a t  d i r e c t l y  a f f e c t e d  t h e  animal 
communities i n  Diablo Cove and i n  our  Control  Areas.  
On June  28, 1974, t h e  cool ing  wa te r  pumps f o r  Unit  I were turned  on. 
I n t e r m i t t e n t  ope ra t ion  of t h e  pumps cont inued through October. On J u l y  21, 
1974, Department of F ish  and Game personnel  discovered l a r g e  numbers of dead 
r ed  and b l a c k  abalone, HaZiot is  rmfescens and H. c r a c h e r o d i i ,  i n  t h e  south  
p a r t  of t h e  Cove. The m o r t a l i t y  is  be l i eved  t o  have been caused by excess  
concen t r a t ions  o f  copper r e l e a s e d  i n t o  t h e  Cove du r ing  t h e  i n t e r m i t t e n t  
ope ra t ions  o f  t h e  cool ing  water  system. Unfor tuna te ly  our  f i e l d  d a t a  w a s  
n o t  s u f f i c i e n t  t o  c a l c u l a t e  m o r t a l i t i e s  of red  and b l ack  aba lone  wi th  any 
s t a t i s t i c a l  r e l i a b i l i t y ;  however, based on f i e l d  obse rva t ions  and ou r  
knowledge of abalone d e n s i t i e s  p r i o r  t o  t h e  m o r t a l i t y ,  we e s t i m a t e  t h a t  
t h e  l o s s  of b l a c k  and r e d  abalone d i d  n o t  exceed 700 and 500, r e s p e c t i v e l y .  
The he rd  of s e a  o t t e r s ,  Enhydra Zutr-k, t h a t  moved i n t o  Diablo Cove 
i n  May 1974 remained i n  t h e  Cove u n t i l  t h e  cool ing  water  pumps were f i r s t  
tu rned  on. Then t h e i r  numbers decreased r a p i d l y  u n t i l  October when only  
s i n g l e  animals occas iona l ly  were observed i n  Diablo Cove. Evidence of 
t h e i r  fo rag ing  a c t i v i t i e s  i n  t h e  form of abalone s h e l l s  and s e a  u rch in  
t e s t s  were observed throughout t h e  Cove through August. 
I n  l a t e  September 1974, a bloom of a "red t i d e "  d i n o f l a g e l l a t e ,  
probably, GrmyauZax sp.,  occurred a long  t h e  coas t .  This  dense bloom 
remained i n  Diablo Cove and ad jacen t  a r e a s  a t  l e a s t  u n t i l  November 
causing a documented m o r t a l i t y  o f  s h e l l f i s h  and s e a  u rch ins  i n  t h e  S h e l l  
Beach a r e a  (Burge and Schu l t z  1975). 
These t h r e e  phenomena, copper,  red  t i d e  and s e a  o t t e r s ,  e v i d e n t l y  
have been r e spons ib l e  f o r  a d e c l i n e  i n  abalone and u rch in  numbers i n  
Diablo Cove. Corresponding d e c l i n e s  in Cont ro l  Areas t o  t h e  n o r t h a r e  
probably r e l a t e d  t o  only  two of  t h e  phenomena, fo rag ing  s e a  o t t e r s  and 
r e d  t i d e .  
This  r e p o r t  covers  t h e  r e s u l t s  o f  our  s t u d i e s  which inc lude  surveys  
of permanent and random s u b t i d a l  s t a t i o n s ,  permanent and random i n t e r -  
t i d a l  s t a t i o n s ,  i n t e rv i ews  w i t h  commercial aba lone  and s e a  u r c h i n  f i s h e r -  
men, s e a  o t t e r  obse rva t ions  and a catch-per-uni t -of-effor t  s tudy  of s p o r t -  
f i s h .  The e i g h t h  q u a r t e r l y  r e p o r t  cover ing  t h e  per iod  A p r i l  1, 1975 
through June  30, 1975 i s  included.  Some r a w  d a t a  have n o t  been inc luded ,  
f o r  example, s e c c h i  d i s c  and temperature d a t a  c o l l e c t e d  a t  f i s h i n g  and 
s u b t i d a l  s t a t i o n s .  The 1975-76 annual.  r e p o r t  w i l l  con ta in  a l l  raw d a t a  
c o l l e c t e d  thus  f a r .  
OPERATIONS 
We spent  263 man-days a t  t h e  s i t e  surveying  159 permanect and random 
i n t e r t i d a l  and s u b t i d a l  s t a t i o n s  (Appendix I ) .  Because of t h e  I n t a k e  Cove 
mooring f o r  t h e  p r o j e c t  b o a t ,  we l o s t  very  l i t t l e  t ime dur ing  t h e  pe r iod  
from boat  breakdowns o r  f o u l  weather ,  w i t h  t h e  except ion  of t h e  r ed  t i d e  
condi t ions .  Considerable  t ime was spent  main ta in ing  t h e  permanent s u b t i d a l  
s t a t i o n s .  Random s u b t i d a l  and i n t e r t i d a l  surveys  were continued. 
Commercial abalone and s e a  u rch in  f ishermen were in te rv iewed as t i m e  
allowed. Weekly counts  of s e a  o t t e r s  by a C a l  Po ly  s t u d e n t  under P.G. C E. 
c o n t r a c t  were continued. A catch-per-uni t -of-effor t  s tudy  of s p o r t f i s h e s  
i n  Diablo Cove and t h e  Cont ro l  Areas was begun i n  September 1974. 
SUBTIDAL SURVEYS 
Permanent S t a t i o n s  
Methods 
The s t a t i o n s  were surveyed as b e f o r e  (Go t sha l l ,  e t  a l .  1974);  two 
d i v e r s  s w i m  a long  t h e  30 m (99 f t )  t r a n s e c t  count ing o r  e s t i m a t i n g  
abundance of macro inver tebra tes ,  a l g a e ,  and f i s h  1 m ( 3 . 3  f t )  t o  e i t h e r  
s i d e  of  t h e  t r a n s e c t  l i n e .  The presence  of school ing  f i s h  a r e  a l s o  noted  
ove r  and around t h e  s t a t i o n  a t  d i s t z n c e s  v i s i b i l i t y  al lows.  
Resu l t s  
During J u l y  and August 1974, we i n s t a l l e d  eye b o l t s  a t  each end and 
i n  t h e  middle of a l l  t h e  permanent s t a t i o n s  i n  an a t tempt  t o  make permanent 
s t a t i o n  counts  more uniform. S t a i n l e s s  s t e e l  w i r e  rope  was a t t ached  t o  t h e  
eye b o l t s  and s t r e t c h e d  t a u t .  The t a u t  w i r e  i n su red  a more a c c u r a t e  count 
because t h e  w i r e  rope would n o t  "wander" from s i d e  t o  ' s i de  a s ' t h e  d i v e r s  
made t h e i r  counts .  I n  a d d i t i o n ,  i f  t h e  s u r f a c e  buoys were l o s t ,  t h e  w i r e  
rope would b e  e a s i e r  t o  l oca t e .  Unfor tuna te ly ,  e l e c t r o l y s i s  w a s  n o t  con- 
s i d e r e d  i n  t h e  des ign  and by December 1974, a l l  of t h e  w i r e  rope  had 
broken l o o s e  and, i n  most ca ses ,  had been l o s t .  Severa l  man-days were 
spent  r e l o c a t i n g  s t a t i o n s  and i n s t a l l i n g  new buoys and l i n e s  dur ing  t h e  
s p r i n g  of 1975. By June  1975, most of  t h e  o l d  permanent s t a t i o n s  had been 
r e l o c a t e d  and buoyed: t h e s e  inc lude  S t a t i o n s  6 ,  7 ,  9 ,  10 ,  11, 12,  and 1 5  
(Figure 1 ) .  Old S t a t i o n  16  has  n o t  been r e l o c a t e d  no r  had o l d  S t a t i o n  8 
o r  t h e  r e l o c a t e d  S t a t i o n  8. S t a t i o n  10  buoys were l o s t  a g a i n  dur ing  win te r  
s torms and could n o t  b e  found due t o  g r e a t  d e n s i t i e s  of Bu l l  ke lp ,  
Nereocystis i n  Diablo Cove. S t a t i o n  1 3  and 14 have been abandonded because 
they were i n  hazardous a reas .  
Lion Rock Cove 
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FIGURE 1. Locat ion of permanent s u b t i d a l  and i n t e r t i d a l  s t a t i o n s  - Diablo  
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Major t r e n d s  i n  s p e c i e s  abundance were observed a t  t h e  s t a t i o n s  
w i t h i n  Diablo Cove and a t  Control  S t a t i o n s  o u t s i d e  t h e  Cove: g i a n t  red  
sea urch ins ,  StrongyZocentrotus fran&scanus, and r ed  abalone cont inued 
t o  d e c l i n e  i n  Diablo Cove wh i l e  rock  c r a b s ,  Cancer antenmrius,  which 
had been on t h e  d e c l i n e ,  increased  (Figure 2 ,  Table 1 ) .  The sun s t a r ,  
Pymopodia he Zianthoides, continued t o  i n c r e a s e  i n  abundance. These 
t r ends  were n o t  a s  c l e a r  c u t  a t  t h e  Cont ro l  S t a t i o n s  o u t s i d e  t h e  Cove, 
because on ly  one s t a t i o n  was surveyed i n  1975, S t a t i o n  1 5  (because of 
adverse  d i v i n g  c o n d i t i o n s ) ,  an a r e a  where sea  o t t e r s  have n o t  foraged.  
D e n s i t i e s  of some of t h e  i n v e r t e b r a t e s  t h a t  we began quan t i fy ing  
dur ing  t h e  1973-74 r e p o r t  year  showed major changes (def ined  a s  a 
change of 50% o r  more). I n  Diablo Cove, i nc reased  d e n s i t i e s  were noted 
f o r  Anthopleura xoxthogrannrtica, TeaZia crassicomis,  TeaZia Zofotensis, 
Cemtostoma nuttaZZi, Mitra idae, and Styela montereyensis (Table 2 ) .  
Decreased d e n s i t i e s  occurred i n  popula t ions  of Cucwnda miniata, 
Eupentacta quinquesemita, Pisaster brevispinus, Astraea gibberosa, and 
HaZiotis kamtschatkana. Inc reases  i n  d e n s i t i e s  were noted a t  Control  
S t a t i o n s  f o r  AnthopZewa, TeaZia crassicomis,  Ceratostoma, Cucwnar-ia 
miniata, Parastichopus spp . , Sty Zasterias forreri, Loxorhynchus crispatus 
and Dendrodoris fuZva. (Tab1 e 3) . Eupentacta quinquesemita and 
HaZiotis kamtschatkana, a s  i n  t h e  Cove, decreased i n  d e n s i t y .  Other 
decreases  i n  d e n s i t i e s  were noted f o r  Leptasterias spp.,  and 
Cryptochiton steZZeri. 
It i s  p o s s i b l e  t h a t  t h e  d e c l i n e  of Astraea d e n s i t i e s  i n  t h e  Cove and 
and i t s  corresponding i n c r e a s e  a t  t h e  Control  S t a t i o n s  is a s s o c i a t e d  wi th  
t h e  d i scha rge  of copper i n t o  Diablo Cove dur ing  t h e  coo l ing  water  pump 
* 2 
TABLE l..Comparison of Mean Counts Per S ta t ion  (60 m ) for Selected 
Inver tebrates  a t  Permanent Subtidal  S ta t ions  - Diablo Canyon 
Power Plant  S i te .  
Diablo Cove Control 
Sta t ion 9 10 11 12 16 6 7 8 15 
Year Cancer a n t e n d u s  
19 70 0.0(3) 0.3(3) 0.0(3) 0.0(3) 3.5(2) 0.3(3) 0.0(3) 2.0(2) 3.5(2) 
HaZiotis rufescens 
Pymopodia he Zianthoides 
1970 1.0 2.7 0.7 0.3 0.5 1.7 2.0 1.0 0.0 
1971 4.3 3.3 1.0 0.3 3.5 1.7 3,O 1.3 1.3 
Strongy Zocentrotus franciscanus 
19 70 296.0 78.0 92.0 41.0 53.0 284.3 188.0 149.0 152.0 
19 71 355.0 109.0 84.0 31.0 118.0 260.3 275.0 258.0 252.0 
1973 363.0 86.0 89.0 29.0 73.0 - 131.0 222.0 289.0 
*Mean counts f o r  1970 and 1971 from Burge and Schultz (1973). 
( ) - Number of times s t a t i o n  surveyed. 
I 
Pycnopodia h e l i a n t l ~ o i d c s  ~ t r o n ~ y l o c e n t r o t i ~ s  f ranciscanas 
FIGURE 2. Mean counts  of s e l e c t e d  i n v e r t e b r a t e s  a t  s u b t i d a l  
. s t a t i o n s  - Diablo Canyon Power P l a n t  s i t e  1970 -1975. (These 
means a r e  no t  comparable w i t h  those  i n  Table .1 because of a 
d i f f e r e n c e  i n  c o l l a t i o n ) .  
2 TABLE 2,  Numbers of 28 S p e c i e s  of  Invertebratee Observed a t  Permanent Sobtidal Station8 (60m ) - Diablo Cove - Diablo Canyon B w e r  Plant S i t s  
July 1 ,  1974 through Junk 30, 1975* 
S t a t i o n  Number 
SPECIES 
9 10 11 12 16 Mean 19 73-74 
TOTALS number/ Mean 




Aqthop Zeura x u n t h o g r d o a  
Teatia crassioomis 






Paras tiohopue app  . 
Pat ir ia  miniata 
Pisaster bre&~s~inue 
Pisas t e r  gigm teue 
Picas t e r  ochracous 
%cnopodia 'he lianthddee 
Sum. - Suw~er 
Win. Winter 
Station Number 9 10 11 1 2  16 Ween 1973-74 
TOTAL8 , number/ Piean 
SFECLES sum?*~alP*~in. sum?*~alT*~in. Sum. Pall  Win. ~ u m ? * ~ a l ~ " ~ i n .  ~um~*lFe l f*~ in~*  m2 number/a2 
Strong! locentrotut, 151 7 2  20 86 - o 84 aa 47 il 33 61 86 - 0 638 , 0.82 a. 85 
franc-iscan.us 
qrongrj bcentrotur, 0 0 0 0 - 1  0 0 0 0 0 0 1 - 0  2 0.002 0,OQ 
. . p q r ~ n a t w  
S t y  Zasteriaa forreri 0 2 0 0 - 0  0 0 1 2 1 0  0 - 0  6 0.01 O.QA 
ARTHRODODA 
Lomri~gnchus c r i s p a t w  0 0 0 - 0 . 0 0 0 I Q 8 0 - 0  1 Q.001 0.00 
MOTJ.US CA 
A 8 t ~ e a  gibberosa 10 11 11 15 - 17 5 2 4 3 2 2 15 - 14 111 0.14 0.29 
Cemtostoma nuttaZ2i 0 0 0 0 2 1 0 1 5 4 33 0 0 4 6 0.06 0.02 
Cenhclor ia  f ulva 3 2 9 3 - 8  4 0 6 7 8 9 0 - 0  59 0.08 0.11 
Haliotis kamtschatkam 0 0 0 0 - 0. 1 0 1 0 0 0 0 - 0  2 0.002 0.01 
Ha Ziotis rufescens 0 0 1 0 - 0  0 0 0 0 1 0  11 - 3  16 0.02 0.12 
Binniteo mt timgosua 1 0 1 0 - 0 0 0 1 0 '  0 0 0 - 0 .  3 0.004 0.004 
M<tra idce 0 0 3  11 6 5 0 0 3 0 6 2 - 0  36 0.04 0.01 
*~uclrcr survey - July-August 1974 
**F.clocated station 
Fal l  survey - 0ct.-Dec. 1974 Winter Survey - A p r i l  1975 
TABLE 3. Numbers of 28 Speciee of Invertebrates Oboervad a t  Permanent S&tPdsl Stations (60 n2)- North and South Cover - Diablo Canyon 
Pover Plant S i t e  - July 1, 1974 throu~h ~pnev30; 1975*. 
1973-74 
Station Number 6 7 8 15 Won Hean 
numbtag number/ 
SPECIES Summer Fall  Winter Summar Ball  Winter Summsr**Fall**Winter** Summer Fal l  Wintor Total8 mZ m2 
PORIFERA 
Tethya a m t i a  3 2 - 12 18 - 0 2 - 0 c 1 38 0.08 ' 0.12 
COELE!JTE RATA 
Ant,hop kura x u n t h o g d o a  1 2 
Teatia crqasicomio 1 2 
TeaZia Zofoteneir, 0 0 
ECHI?!obERJ!ATA 
Cucmaria miniata 0 0 
E q e n  tactu quinqueeemita 0 0 ,  
Henricia ZeviuecuZa 0 0 
0 0 - 0 0 - 0 0 - 2 Leptcatrricu, epp. - 9 11 0.02 0.04 
Orthaeteriae koehteri 5 8 - 3 3 - 3 0 , -  ~ 2 - 2 26 0.05 0.05 
Picras t e r  breviepinua 5 4 - 6 17 - 0 0 - 0 - 0 32 0.07 0.06 

































































































